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Abstract 
In addition to acousto-optic information processing and manufacturing of such devices, the interaction between 
optical and acoustic waves are an efficient method for physical measurements. The paper analyses the potential of 
the acousto-optic method for measurement and investigation of crystal properties. It also presents some examples of 
this method applied to such measurements and investigations. The acousto-optic implementation of the pulse-phase 
method is used for acoustic velocity measurements. Velocities in an arbitrary directions can be measured using the 
Shaefer-Bergman method (the visualization of the angular distribution of the inverse phase velocities) together with 
the pulse-phase method. The matrices of crystal elastic coefficients can be evaluated using the Shaefer-Bergman 
patterns, using the minimum number of tested samples. The Schlieren (shadow) image method can give information 
both on the characteristics of acoustic and optical fields. The acousto-optic interaction is Efficient Method for 
determination of elastic material nonlinearity parameters.  
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1. Introduction 
Mechanical perturbations in media are visualized using optical components since early XIX century in 
works of Scottish physicist D. Brewster. Later, a new area of acousto optics was created based on that. It describes 
and utilizes optical and acoustic waves’ interaction in different media. Since the beginning of the XX century nature 
and technology excitation and transmission of sound waves through the material, as well as the interaction of sound 
waves with light have become an important area of research with many practical applications. In 1921 Brillouin 
predicted that the ultrasonic waves in ideal fluid behave like a diffraction grating for light [1]. His result was 
confirmed by Debay and Sears in 1934 [2]. In the future, Schaefer and Bergmann [3,4] demonstrated the diffraction 
of light by acoustic waves in crystals. This interaction may be used as an affective mean for different measurements. 
It allows measurement of the following physical fields’ properties: electromagnetic nature (of optical) and 
mechanical nature (of acoustic), interaction media properties, orientation parameters of experimental device 
structure and complex radiosignal parameters. 
Possibilities and features of acousto optic measurements are defined by the diffraction ratio ,sin
V
fλθ =
where ș – angle between direction of incident and diffracted light rays, Ȝ – wavelength of interactive fragment of 
input optical signal, f – frequency of acoustic modulation signal, V – velocity of acoustic wave propagation (media 
property). 
Each of these ratio parameters can be fixed and measured if other parameters are determined: 
(Ȝ) – changing spectral components of optical radiation using acousto optic spectrometers based on 
different constructions, including unique collinear and quasi-collinear forms of acousto optic interactions in crystal; 
(f) – classical variant of measurement instantaneous spectra of a succession of radio signals in chosen range 
using acousto optic spectra analyzers in parallel (panoramic) mode; 
(V) – an extensive set of methods and devices for visualization and measurement of the acoustic properties 
of the environment and the interaction of acoustic waves of different types, some of these methods are most 
effective, if not the only; 
(ș) – measuring the orientation, for example, determining (bearing) of the angle of arrival of the coherent 
optical signal (of known wavelength) in a predetermined plane. Apparently, this includes high-precision deflection 
of laser beams through the acousto-optic deflectors, including XY. 
Acousto-optic interaction in crystals is an efficient, reliable and accurate tool for the study and 
measurement of the elastic characteristics and parameters of the investigated materials. Specific properties of 
crystals determine the characteristic requirements for consistent procedures research. The level of diffraction orders 
arising during the diffraction process, determines the sensitivity and the possibility of measurement processes. 
For the acoustic fields, the following  measurements are possible: acoustic mode velocities for selected 
propagation directions and crystal planes, conditions for acoustic mode attenuation, reflection, refraction, and 
transformation, their diffractional effects. 
The acousto-optic implementation of the pulse-phase method is used for acoustic velocity measurements. 
Velocities in an arbitrary directions can be measured using the Shaeffer-Bergman method (the visualization of the 
angular distribution of the inverse phase velocities) together with the pulse-phase method.The matrices of crystal 
elastic coefficients can be evaluated using the Shaeffer-Bergman patterns, using the minimum number of tested 
samples. The Schlieren (shadow) image method can give information both on the characteristics of acoustic and 
optical fields. An accurate estimation of sample optical homogeneity can be performed using those images. This 
estimation is very important when investigating the quality and growth features for multi-component crystal 
samples. 
The parameters and characteristics of optical fields can be determined using the acousto-optic spectrometry 
bases on a dynamic diffraction grid. 
For the interaction medium, this method can show the anisotropy of its properties, qualitatively and 
quantitatively estimate its collimation properties, measure the angle between the power transfer and wave front 
directions, characteristics and parameters of elastic non-linearity. Using the Shaeffer-Bergman patterns, complex 
crystallographic cuts can be correctly oriented. 
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2. Acousto-optical methods for measuring the phase velocity of acoustic waves in crystals 
Acousto-optical method allows the measurement of the velocity of propagation of acoustic modes in the 
selected areas and even planes of the crystal. The most accurate method for measuring the velocity of acoustic 
modes (pulse phase) can be implemented in the acousto-optical version under certain conditions. In addition, the 
possibility of optical imaging of acoustic modes reverse speeds angular distributions for the selected observation 
planes, which makes it possible to obtain a complete set of elastic moduli of the crystal using the minimum number 
of samples. 
Acousto-optical implementation of pulse-phase method for measuring the delay is the most accurate of all 
existing and involves the use of a sample with plane faces. In the diffraction order a sequence of pulses 
corresponding to the successive reflections of the acoustic signal from the faces of the sample is formed. 
3. Angular velocity distribution in crystals (Schaeffer-Bergman images) 
Acousto-optical imaging technique of the angular distribution of the slowness in selected planes of the 
crystal (the so-called method of Schaeffer-Bergman images) [5-7] is very informative. Schaeffer and Bergman in [3] 
proposed and developed in a number of subsequent studies [8-12] method for the determination of the elastic 
constants of transparent crystals, diffraction of light by ultrasound. In [3] for the first time shown the two-
dimensional diffraction patterns for quartz crystals. The method is based on optical visualization of crystals existing 
in the acoustic mode and in such directions that are possible for a given crystal lattice. 
It is known, that methods for measuring the elastic constants are divided into static and dynamic (mainly 
for monocrystals [13]. Among the second group of techniques is Schafer - Bergman method which is substantially 
optical, since measurements performed by an optical diffraction pattern. It can also be considered as an acousto-
optic, because it uses the interaction of acoustic and optical waves. Note that pulse measurement method is 
considered to radio communications [13,14]. 
Using the Schafer - Bergman method wavelength of ultrasonic waves propagating in the light-transmitting 
solids and liquids can be measured from the diffraction pattern of monochromatic light on standing or propagating 
wave. For measuring the elastic constants of single crystals, the sample is required to be a cube to one of the faces of 
which attached a quartz crystal with a high resonant frequency. Schaeffer and Bergman were researching diffraction 
pattern in liquids and glasses. In the case of an isotropic medium, the transmitted light forms a diffraction pattern as 
two concentric rings formed by individual points of light (spots). Radially inner ring is determined by the 
wavelength of the longitudinal waves; radius of the external - by the wavelength of the lateral. For anisotropic media 
diffraction pattern consists of three closed curves, which determines the type of symmetry of the lattice along the 
direction of light propagation. The values of the elastic constants can be determined by the radius of the curves at a 
known frequency, density, dimensions and orientation of the test sample [13]. The resulting diffraction pattern is not 
dependent on the shape of the oscillating body (in the form of a cube, parallelepiped, cylinder or prism), since the 
wavelength is negligible in comparison with the size of the sample. Each light spot in the diffraction pattern is 
associated with a particular mode and its own direction]. 
Measuring the elastic constants by Schaeffer and Bergman method requires one sample in the form of a 
cube whose faces are oriented along the crystallographic axes of the crystal. Light beam perpendicular to the face of 
the cube forms a diffraction pattern upon which all the elastic constants [4]. The sample crystal formed and 
manufactured in such a way as to ensure the maximum possible number of acoustic reflections oriented in random 
directions in a plane normal to the direction of the incident light beam. In this case, there may be a two-dimensional 
diffraction pattern corresponding to the angular distribution of the slowness of the acoustic mode in the selected 
plane. As an example, the presented Schaeffer-Bergman image for selected sections of KRS-5, PbMoO4, TeO2
fig.1,2,3. 
Figure 1 shows the multiplicative Schaeffer-Bergman image to the main plane of the crystal KRS-5, having a high 
coefficient of acousto-optic Q-factor (M2). Figure 2 shows a similar pattern to the crystal PbMoO4, and crystals of 
symmetry (4/m) distribution reverse speeds to 
determine the direction of extreme speed "clean" modes, respectively, and sign the elastic constant C14. Figure 3 
represents the angular velocity distribution for the shear mode in the 
(001) plane of the crystal prospective tellurium dioxide (TeO2). Characteristic luminosity filling pattern for almost 
all destinations in the (001) plane of the crystal is caused by a large diffraction-limited for the acoustic mode. 
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Fig.1 The angular distributions of the slowness of the 
longitudinal and transverse acoustic modes in the (001) plane 
of the crystal KRS-5 (TlBr-TlI) 
Fig.2. Angular distribution of inverse velocities of 
longitudinal and transverse acoustic modes in the (001) plane 
of the lead molybdate crystal (PbMoO4) 
Fig.3 Distribution of velocities of shear inverse modes of 
(001) plane of the crystal of tellurium dioxide (TeO2) 
Fig.4 The structure of the longitudinal mode in the crystal 
of bismuth germanate 
Now, if you use the speed reference to the principal axes of the crystal, which were measured by pulse-phase 
method, it is possible to determine the speed in any direction in a given plane. 
This method allows us to calculate all the components of the matrix of the elastic moduli of the crystal using the 
minimum number of samples (for the crystal symmetry is not too low, usually 2 samples is enough). 
4. The optical structure of acoustic fields’ visualization 
 Acousto-optic interaction allows visually detect features of the propagation of acoustic waves and structure. 
The method of “shadow images” (Schlieren images) has a high sensitivity, allows the accumulation of optical signal 
and post detector processing. In this case the following can be visually and quantitatively determined by the 
attenuation of the acoustic wave - the effects of diffraction divergence (a measure of the energy divergence), the 
conditions of reflection, refraction and transformation of acoustic modes, as well as vector deflection parameters of 
energy transfer from the wave normal. The same method can be used for qualitative evaluation of the optical 
homogeneity of the samples of multi-component crystals. Figure 4 shows the "shadow" image visualizing the 
structure of the longitudinal acoustic wave propagation in the [111] direction of a cubic crystal of bismuth 
germanate (Bi12GeO20), and the aperture of the acoustic source was ~ 10Ȝɚ . 
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5. Conclusion 
Optical and acoustic sources together with a medium of efficient interaction are required to use the acousto-
optic method. Acousto-optical method allows the measurement of the velocity of propagation of acoustic modes in 
the selected areas and even planes of the crystal. The most accurate method for measuring the velocity of acoustic 
modes (pulse phase) can be implemented in the acousto-optical version under certain conditions. In addition, the 
possibility of optical imaging of acoustic modes reverse speeds angular distributions for the selected observation 
planes, which makes it possible to obtain a complete set of elastic moduli of the crystal using the minimum number 
of samples. Unique visual method is an acousto-optic imaging technique based on Schlierens images method. In this 
case, the recorded acoustic waves spatial inhomogeneity effects of divergence and deflection propagation direction 
of the wave normal. Using the properties of elastic anisotropy of crystals can be found direction in which the 
acoustic wave will have a small divergence (collimating direction). Testing and evaluation of the quality of 
collimation selected events is most effective by using Schlierens images. Generally, such advantages as technically 
simple implementation, reliability, clearness, self-descriptiveness, and non-destructive nature of the acousto-optic 
method prevail over some limitations as to applicability to transparent crystals and some preliminary auxiliary 
measurements. 
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